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Utilizing tanks fabricated from fiber reinforced polymeric composites for storing cryogenic fluids such as
liquid oxygen and liquid hydrogen is of great interest to NASA as considerable weight savings can be
gained. Unfortunately such composites, especially at cryogenic temperatures, develop a mismatch that
initiates detrimental delamination and crack growth, which promotes leaking. On-going work with ionic
liquid-based epoxies appears promising in mitigating these detrimental effects. Some recent results are
presented and discussed.
Published by Elsevier B.V. This is an open access article under the CC BY-NC-ND license (http://creative-
commons.org/licenses/by-nc-nd/4.0/).Introduction
NASA has long been interested in using carbon fiber composite
tanks for cryogenic storage of fuel components such as liquid oxy-
gen and liquid hydrogen. In particular, their high strength to
weight ratio gives them a clear advantage over strictly aluminum
or titanium tanks; a 20–40% weight reduction can be expected.
Unfortunately, due to differential thermal expansion between the
matrix and the reinforcement, such composites develop a mis-
match that promotes detrimental delamination and crack growth;
this is exacerbated if the component is cycled between room and
cryogenic temperatures. Utilizing a formulated [1] ionic liquid
(IL) based epoxy our research [2] shows promise to alleviate those
concerns. Ionic liquids are a unique class of materials; our IL epoxy
exhibits strong ionic bonding, has a very small coefficient of ther-
mal expansion, is hydrophobic, has an extremely low vapor pres-
sure, and well tolerates the space environment [3]. Other
attributes include good temperature stability, and low flammabil-
ity, and a comparatively ‘‘greener” manufacturing process. They
also are amenable to a number of other applications that can
address challenges associated with achieving NASA’s space explo-
ration goals.Results and discussion
Results from Izod impact testing, which plot the energy
absorbed by epoxy samples for room and liquid nitrogen (LN2) test
conditions, are shown in Fig. 1. The initial gray row is results from
testing the commercially used Epon 828 Resin with Huntsman
T-403 Curing Agent. The second row (blue) shows results from
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Fig. 2. Comparison of an IL epoxy carbon composite section before and after LOX submersion. (a) As made, (b) post-LOX, (c) post-LOX and LH2; section is 1 cm thick. Below
figures (d), (e), and (f) are SEM micrographs from, respectively, (a), (b), and (c) and show maintained fiber/epoxy integrity.
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commercial product are seen both at room and LN2 temperatures.
Adding slight additions of core-shell-rubber (CSR) significantly
increases the impact toughness which appears maximized near
an 8.8% addition (orange bars). Here considerable improvements
were seen at both room and LN2 temperatures; similar results
were seen for tensile samples. Finally, a number of IL – carbon
fiber/cloth samples have also been made and tested. Briefly, tests
with LN2, even after cycling, show no cracking or delamination;
no fiber pull-out was seen on fracture surfaces.
Sample testing liquid oxygen (LOX) and liquid hydrogen (LH2)
environments was also investigated. LOX is much more reactive
than LN2 and a cryogenic fuel candidate. Two sets of IL epoxy
based samples were submerged in LOX for 5 min, brought to
room temperature, and then re-submerged. After LOX testing the
samples were examined and no visual change, i.e., no cracks or
fiber delamination, was seen. Fig. 2(a) and (d) show the as-made
composite section which can be compared to the same area shown
on (b) and (e) after LOX submersion. LH2 has a considerably lower
boiling point than LN2 and LOX (respectively 20 K, 77 K, and
90 K) and is also a cryogenic fuel component. Subsequently the
set of epoxy samples and the composite section, figs.(b) and (e),
from the earlier LOX exposure were subjected to two 1 h immer-
sions in LH2. No degradation, cracking, or delamination was seen in
either the composite, figures (c) and (f), or epoxy samples.
The above relates directly to the issue of LH2 permeability
through the composite as a consequence of microcrack formationand delamination due to temperature cycles and/or impacts. In
addition to SEM microscopy, fluorescent dye penetrant was also
employed with, again, no cracks detected.
Summary and conclusions
Initial testing of the ionic liquid based carbon fiber based com-
posites in cryogenic environments has, to date, been successful.
Work is progressing with the intent of fabricating and testing a ser-
ies of linerless tanks.
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